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altered stomatal density, we show that WUE can be improved directly by 66 manipulation of the genes controlling the development of stomata to reduce g w(max) .
67
The epidermal patterning factors are a family of eleven related small, secreted 
Materials and Methods

151
Plant Growth 152
Plants were Arabidopsis thaliana Col-0 background and have been described greenhouse and growth-chamber environments.
171
Leaf gas exchange measurements 172
Steady state leaf gas exchange parameters (CO 2 assimilation rate A, transpiration rate 
175
(model 6400, Li-COR, Lincoln, NE). CO 2 was removed from external air using soda 176 lime and mixed with pure CO 2 to control leaf cuvette air CO 2 concentration (c a ).
177
Conditions in the cuvette were maintained at c a = 390 ppm, corresponding to ambient 
Statistical analysis 235
All statistical analyses were carried using OriginPro software (OriginLab Corp.,
236
Northampton, MA, USA). Significant difference between means (0.05 level) was 237 determined using one-and two-way analysis of variance (ANOVA) and post-hoc 
Results
240
Constitutive overexpression of EPF2 led to higher time-integrated WUE irrespective 241 of growth irradiance, as indicated by significantly lower leaf  13 C in the EPF2OE
242
genotype grown under both high and low light intensity (Fig. 1) 
247
Instantaneous leaf gas exchange data reflect the pattern observed in leaf 
13
C.
248
The operating CO 2 assimilation rate (A op ) was significantly lower in EPF2OE 249 compared to Col-0 (Fig. 2a) , but the greater relative reduction in operating stomatal 250 conductance (g w(op) ) (Fig. 2b) and lower operating c i /c a (Fig. 2c ) explain the 251 significantly higher instantaneous WUE in EPF2OE (Fig. 2d) . Remarkably, potential 252 rate of photosynthesis at any given leaf intercellular CO 2 concentration is virtually the 253 same in each genotype (Fig. 3) despite different operating points (see arrows in Fig.   254 3) on account of differences in stomatal conductance. Further evidence of unaltered 255 photosynthetic potential in the genetically modified plants is confirmed by the lack of 256 any significant differences in V cmax and J max (Fig 4) . These results indicate that the 257 genetically altered stomatal density in EPF2OE and epf1epf2 is decoupled from 258 photosynthetic biochemistry.
259
The genetic modification of stomatal density appears to be inextricably to Col-0 (Fig. 6a) , consistent with the pattern observed in stomatal operating point,
269
g w(op) (Fig. 2b) . Altered g w(max) appeared to affect the relative stomatal operating (Fig. 6a) and consequently shifted the stomatal conductance operating 284 point, g w(op) (Fig. 2b) . The accompanying shift in WUE, which is significantly higher 285 for the low-D EPF2OE mutant, and lower for the high-D epf1epf2 mutant, is evident 286 when measured instantaneously for standard conditions (Fig 2d) and also when 287 inferred over the long-term functioning of leaves from leaf  13 C (Fig. 1) altered stomatal properties, without altering photosynthetic biochemistry (Fig. 3, 4) .
304
The shift in the relative stomatal conductance operating point, g w(op) /g w(max) , in 305 both the EPF2OE and epf1epf2 mutants ( epf1epf2, Col-0 and EPF2OE, respectively, at 400 ppm CO 2 and saturating light.
551
Similar photosynthetic biochemistry but lower operating stomatal conductance in 552 EPF2OE mutants (see Fig. 2b ) results in higher WUE. EPF2OE contributes to lower maximum stomatal conductance (see Fig. 6a ).
567
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